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TO: Mstr i b  ut ion 

SUBJECT: Influence of Creep h m g e  on the  Toughness of Ti-JAl-2.5Sn and 
301 Stah less  Steel XFA at -4230p, 

In q 5f the & r u c t u z z  a l l o y  spplic&tiona meountered in current space 
prograpas the aaaterial has been subjected to conditions of low temperatures 
and high  strew^, h d 0 r  theam conditione a aao0t vital  charactuistic of a 
rtructaraf miterial is its fracture toughness or resistanat, to craak propagation 
a t  cryogenic tesnperatures. 

There are tue general classea of rarfables that a f fec t  the fracture toughnssrr 
of a ma5erial. 
the a l l o y  and Includes such factors as chemical eonpsition, cryatallhe 
structure, microstructure, impurities, heat treatsent, etc, The second olass  
includes factors which are superimposed on the a l l o y  by virtu. of the service 
conditions. Thsse b l u d s t  temperature, strain rate, stress concentration 
f€i&orE, coiaphxities of etmss distr3bution, etc. 

The bf'3wmee ef them oarlous factors p n  #e fracture characteristics of 
structuraf al loys is reasonably w l l  known on at lraat a qualitative basis, 
Homer, the d e p o  t o  which the fracture tough ma^, of metal8 l e  affected by 
these variables applied in sequence or i n  combination is more d i f f i c u l t  t o  
deteneirrr, 

One i a  associated with the metalltlrgical characteristics of 

It is the purpose of this report t o  relate the rsault.8 of work aimed a t  
determining tbs influenas of a combination of faotora, heretofore not studied, 
on the fracture toughneas of tuo promising high hrength s t ruc tura l  ~ O p .  
This vork was carried out under REA 111-9222, 
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the boost &%age of 8 space sbfp c q l e x  is recovered amdynamically after 
burnout. 
temjwratures during launch j h s e  t h r a q f i  use of liquid oxygen and pcrssibly 
l iqufd Qdrogen propellants and then oerodynamlc heating during re-entry. 
The high tenqMraturs e2cpaure during re-entry results i n  creep &ensiar, 
the tank and w i n g  soaction~e of the booster vehiole. 
f l ight  the tank materhl  is subjected to additional cycles of cryoganic temper- 
ature e p s u r o  followed by crew extension during rewmtq. 
is encountered during re-entry the fracture tOUghnse8 of tha tank sldn material 
a t  cryogenic temperatures wt be redwed t o  a dangerously low level and 
could rt38uft in greatly reduced reliability during re-urn of' the booster. 

In the course of each flight the tank rnaterhl encounters cryc?genic 

On each subsequent 

@ creep clamp 

Other exaaples of apylicatfoqs uhercr creep *age may be a aignifictknt feator 
in design through th i s  mschanirnn include; Space Plane, Dpa-soar, nuclear 
rocket boosters, and other re-usable vehicles.  

Two of the mora prodsing high strength d o y s  were used in this investigations 
Cold rolled Type 301 atainlsss steel sheet (Spec. GD/A ert004) and annealed 
5A1-2.5Sn titanium a l l o y  eheet. 
given in Table 1. The ehemistry of the 301 S.S. uonforae to the apeciflcatiori 
estsblirrtpsd for a%sslle tank construction. Hovsvor, the oxygen content d' the 
titur&api &ay rrxwsds the l m l  established in Spsoiifcstfon Cnfs  CL?lWU, 
and can be expected t a  deleteriously affect the fracture toughness of the alloy 
at  axtrtlae subaefo tsaperstures. 
oxygen ccntrnt t o  0.12% and the 541-2.5SbtTi sheet alloy s t u d h d  in t h i s  
investigation bad an oxygen content of 0.167$. 
qade of the alloy and had not been procured t o  Speclficatlon GD/A 0-71010, 

The cheaical analyses of these a3lopa a~cl 

The referenced specif icat ion lfERits the 

This msterial was a connnercial 

Pwcmumj 
Creep cbmcqp was accomplished by creep testing spocirabns baving the cloniigm 
a t l o n  ahom in Pigme 1. The creep tes t  procedure conslete of placing #e 
6pOChn w%%hout load into the creep furnace held a t  tha required test 
temperature. eratun equilibrium over the gage length of the spechen 
is a&%w& front 7 to 1 hour and feraonitorcd by 3 tbafnwxroqles ~ h m d  at 
+&e tep, =4043, *"S 

tamperature @q 
followed by a Unm differential t m f o r s l e r  having e'span of ,040 incrh and 
an aocuracy of f 0 . c ~ ~  win. 

Te 

&+,tsz; of t!i= r=&;==C sectfon Gi *A= z*-*aE, 
ius is achieved the load i~ appfftzd and tho tsrep &mfn AS 



a 

L 

RljsUUS AND DISCUS SI08 

In order t o  es tabl ish soma degree of creep damage vhose Influence on low 
tmnpernture toughnosa could be evaluated, arpcirwas of Ti-5Al-2.5Sn and 
301 S.S. XFH stere oubjected t o  stresses a t  6OO@F for 21, hours durstlon. 
stnerr employed for the titanium alloy was &,Om p s i  which vas suffic&ent 
t o  cause a t o t a l  creep strain of about 0.0138 in/ln in 2d how8 a t  600 F, 
The creep curve dmtermined on t h h  a U o y  under the related mnditfonr i e  
E ~ O M  in figure 2. The 301 S.S. XW a l l o y  w a a  strecased a t  168,OOO p e l  for 
24 hours at  6ooOp. Thls exposure prodwed B t o t a l  creep strain of 0,0027 in/in. 
The creep curve for t h i s  alloy is ale0 shown in Figure 2. 
deformation a u r v o ~  were establfshsd on the  zvsrage va lw based on three 
seperatu t e s t s  fo r  each a l loy .  

The 

Those creep 

After creep sxpoeum the wuples were remachiaed so tbat they would f i t  the 
liquid hydrogen cryostat. 
elevated temperatures were machined into notched t ene i le  speclrasne ( D r a w i n g  
Bo. MGD-10) baring a strese-concentration factor,  Kt, of 6.3. 

Halo of the samples exposed t o  creep damage a t  

Ilhe rerulta of the t ens i l e  tests performed on these specimsns are presented 
ln Table 11 for comparison. 

Ti-5&9.5Sp 

Tho titaxdma a l l o y  did not exhibit any decreaars i n  tensile properties at 
room temperature as a result of crssp testing. 
notchud-unnotched ratio dscteassd from 0.62 to  0.56 as a result  of creep 
expoaura. The other properties such a8 smoo*A tenslle, f i e l d ,  elongation 
and elastic modulus seem t o  be unaffected by the  pr ior  creep expoawe. 
re la t ive ly  low mtched/unnotchd r a t i o  a t  -423OF of tHs alloy in the  tla- 
recelved condition i e  undoubtedly due t o  the high oxygen content of th i s  
alloy as discussed in aonjunction with Table I. 
prslnlss i s  obtainsd by obeemlng the high f i e l d  strength of t h i s  partioular 
allay, 128.2 kat, approximately 18,000 psi above i ts  normally guaranteed 
level. 
a t  liqafd hydrogsn temperature because of Its notch s s n s i t i r i t y  Ln tho 
a8-received uoaditfon, 
atFsngt;hcratio irors 0.62 t o  0.36, siarilar testinn amat he p e r f e m  =s 5z&%kXig 

the quagt i ta t ivs  effect of prior creep damage on the frncture taughnees of 
thicr a U o y  a t  cryogenic te~aperatrrres, 

A t  -G23@F, houcuer, the 

The 

Further verif icat ion of this 

This heat of the Ti-50-2.5Sn al lay would not be rewmmended for m e  

yhfle creep damge did lower its notohed/mmotuhed 

ing a not&ed/wmotcbed termfie =ti: io the as-rscsird 
of 0.9 - 1.0 at -423OP before it l a  kose%ble t o  evehaate 

In the  caae of 301 S.S. XFH the t ens i le  properties a t  room tsmpsrature wre 
altered s l igh t ly  by pr io r  creep taating. 
crtrangths incrtsaed while the elongation decreased. 

The y i e l d  and ult inate  tensilo 
Jt -4239 the yield and 
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;itt-te s t r s q t h s  d id  not change but the elongation decreased t o  0.5% and 
the notched/uanotched ratio decreased t o  0.86 from its original level of 0.?6 
ia a result of prior creep ex?os~lrs. 

30th ailoys showed evidence of creep dmage resulting from prolonged stressing 
k t  a tenperatme of 600%. 

We critioal amount of creep strain necessary to produce 8 deleterious effect 
m toughness is m t  known at th ia  time. 
in theae initial tests represents a reseomble m o u n t  t h a t  wight be encountered 
ln structures. 
:mep damge and low teqsratura brittle frsctw reslatance must await furtbsr 
;setingo 
in r e w b l e  cryogenic tardm subject t o  creep during portioae, of i f 8  useful 
Life, 

However, the creep s tra in  employed 

The more quantitative aspects of the relstionahip between 

In this study it has been demonstrated that a problem area may exist 

limostructural damage produced by modest creep exwsuro had a deleterious 
!ffect upon the subsequent toughness characteristics of 301 S.S. XFH and 
'3.-5 h1-2.5Sn st -423%. 

'he notched/unnotehed strength ratio of 301 S.S. was redwed from 0.96 in 
be as-recsived condition to 0,s at  -4239  by 0,0027 in/in o f  prior areep 
itrain a t  6oooP. 

'he notched/unnotched ra%io of Ti-5Af-2.5Sn was reduced from an or ig ina l  
'alue of 0.62 t o  0.56 a t  -423% by 0,014 win of prior creep strain et 600 F. 
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OF Ti-5Ald.SSn SKD 301 S.S. XFB A m g  
EFFECT OF PRIOR QiBEp ON THE TEiSILE P B O P ~ I E ;  AT ?SOP AND -Q3* 

Alloy and 
GQIu&&a 

Ti-5Al=2.5&~ 
As bcsired 1 28.2’ 

Creep Tested‘ 128.3 

As Recsired 238.2 

Avg. 

Creep Tested 238.5 

301 S.S. - XF@H 
As Reeeiwd 205 5 

Creep Tested3 222.5 

As Received 289.6 
265.0 
27 .3  

?tu 
kl!& 

129. 7 

133.6 

261.9 

% 
t 

245.8 
260,1 
252.9 

221 9 

247.8 

31 6.6 
310,2 
313.4 

320.1 
M1,3 
320.7 

16.7 

17.7 

16.1 

17.3 

17.7 

18.0 

m 

lu 

25.1 

26.1 

22.2 ad 
23.2 

23.7 

22.5 

Notched Notched/ 
Tensile Unnotchsd 
kai patio 

139.0 u 
161.4 0.62 

167.9 
117,1 
142.8 0.56 

299.6 0.96 

279.L 

0.66 
3Z.a 
277.2 

Tscst 
Temp 
QF - 
Room 

Room 

4 3  

-a3 

Room 

Room 

-423 

DL23 

it Creep teated 24 houre, 69,000 psi 0 6009, average of 3 samples. 
Creep tested 24 hours, l68,OOO pas1 Q 6009, average of 3 seatplea. 
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